The polycyclic ketone 5H-cyclopenta[2,l-b: 3,4-b']-dipyridin-5-one (4,5-diazafluoren-9-one) (1) has been known for nearly thirty years. Its original preparation 1 -2 involved treatment of 1,10-phenanthroline-5,6-dione with alkali. Recently, however, it has been found to be a by-product of the permanganate oxidation of 1,10-phenanthroline 3 and this facile route has made it much more accessible. It is also formed in low yield during the nitration of 1,10-phenanthroline 4 . Study of the chemistry of 1 has until recently been confined to an investigation of its behaviour in the SCHMIDT reaction 5 and to some exploratory chelation experiments 6 . In the past three years, however, interest in the chemistry of 1 has increased. Its mass spectral fragmentation pattern has been recorded 7 -8 and the ESR spectrum of its radical anion studied 9 . Its ability to inhibit photosynthetic electron transport has been determined 10 and its metal co-ordination chemistry extended 8 . We now report on further aspects of the chemistry of 1.
(1) participates in many of the normal reactions of ketones. For example, it forms the ketal, spiro- Because of our interest in diquaternary salts related to the herbicide diquat (4) as part of our study of the relationship between chemical constitution and biological activity in bipyridylium herbicides [11] [12] [13] [14] we reacted 1 and 3 with 1,2-dibromoethane. From 1 the diquaternary salt, 4-oxo-8,9-dihydro-4 H-7a,9a-diazoniacyclopenta[def Jphenanthrene dibromide (5) was obtained (c/. 6 ). Likewise the alcohol 3 afforded the salt, 4-hydroxy-4-methyl-8,9-dihydro-4 H-7a,9a-diazoniacyclopenta[def Jphenanthrene dibromide (6). These two salts represent the first derivatives of the new heterocyclic system 4H-7 a, 9 a-diazoniacyclopenta[def Jphenanthrene (7) . The salts are water soluble. The salt 5 is stable up to ~pH 5.2 and the salt 6 to ~pH 9.0. Like diquat (4), which is reduced by a one electron transfer to the stable green radical cation (8) 15 , the diquaternary salts 5 and 6 in aqueous solution each gave intensely coloured solutions on treatment with zinc dust due to the formation of the corresponding radical cations 9 and 10 by the uptake of one electron. The colours of the radical cations 9 and 10 were violet and green respectively. When the reducing agent was removed and the solutions were shaken in air the green colour substantially discharged in the case of 6 while with 5 the violet solution became red-brown. From NMR spectral evidence (c/. 16 -17 ) it was apparent that the one electron transfer was essentially completely reversible with the salt 6 but was not appreciably reversible with 5. The presence of paramagnetic species in the violet and green solutions was confirmed by ESR spectroscopy. Both solutions gave strong ESR signals. The spectra were multilined. They have not yet been fully interpreted.
The uptake of one electron by the salts 5 and 6 was investigated by polarography. Like diquat 15 which has an Eo value of -0.36 V the salt 6 gave a typical one electron reduction wave in the pH range, 3.2-8.0 with a half-wave potential (Eo) of -0.28 V independent of pH and concentration. It also gave a second reduction wave at lower potential which was pH dependent (c/. 14 ). The salt 5 was more easily reduced. At pH values of 4.5 and 5.15 it gave a one electron wave with a half-wave potential (Eo) of + 0.04 V independent of pH and concentration. At higher pH values the wave was indistinct due to the instability of the salt. A second reduction wave at lower potential was also observed at pH values 4.5 and 5.15.
In post-emergent herbicidal tests the salts 5 and 6 were effective against several plant species at high application rates (~8 kg/hectare) but they were much less active than diquat and paraquat. The salt 5 also showed interesting selective herbicidal activity on rice. The lower activity of 5 and 6 is in keeping with the view that for high herbicidal activity of the diquat and paraquat type the salts must be of compact size in addition to being capable of being reduced to stable radical cations in aqueous solution at a potential of -0.30 to -0.50 V by a one electron transfer which is reversible 11 .
We have recently reported the mass spectral fragmentation pattern of 5H-cyclopenta[2,l-b: 3,4-b']dipyridin-5-one (1) obtained on electron impact 7 . The base peak in the spectrum of 1 at mass 182 is due to the molecular ion 11. The initial fragmentation of 11 involves loss of neutral CO to give a CI0H6N2 + -species of mass 154 (45% of base peak) depicted as the diazabiphenylene molecular ion (12) . The diazabiphenylene molecular ion (12) subsequently disintegrates by loss of C2H2 and HCN. Unlike 5H-cyclopenta[2,l-b: 3,4-b']dipyridin-5-one (1) the base peak in the spectrum of the tertiary alcohol 5-hydroxy-5-methyl-5H-cyclopenta-[2,1-b: 3,4-b']dipyridine (3) (see Fig. 1 
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• O / to the molecular ion (13) at mass 198 but is due to a species of mass 183 and formula C11H7N2O formed by loss of CH3 -from 13. The molecular ion 13 gives rise to a peak of 35% of the intensity of the base peak. The base peak at mass 183 is considered to be due to the 5-oxo-5H-cyclopenta[2,l-b:3,4-b']dipyridinium ion (14) or its equivalent. There is very little subsequent fragmentation of this species (see Fig. 1 ) although it does disintegrate to a small extent by the loss of CO to afford a CioH7N2 + ion at mass 155 (3%) depicted as the diazabiphenylenium ion (15) , which subsequently loses HCN to form the C9H6N+ ion (2%) at mass 128 (16) . Details of the empirical formula of the species giving rise to peaks (> 1 % of base peak) above a mass of 90 in the spectrum of 3 are given in the Experimental section alongwith the observed metastable transitions. 
Experimental
Microanalyses were performed by the Australian Microanalytical Service, Melbourne. UV, NMR and ESR spectra and the polarography results were obtained by methods previously described 14 . The mass spectrum was determined with an A. E. I. MS-30 mass spectrometer. The sample was analysed by a direct insertion probe at an ionizing current of 70 eV. The ion source temperature was 50 °C. Elemental compositions were obtained by the peak matching method. The herbicide tests were carried out at Newcastle and by biological staff of CIBA-GEIGY, A.G. at Basel.
5H-Cyclopenta[2,l-b :3,4-b']dipyridin-5-one 3 (0.5 g) in ethylene glycol (100 ml) was saturated with HCl gas. The mixture was refluxed for 2 h and allowed to stand for 1 week. 
5-Hydroxy
5H -Cyclopenta[2,1 -b : 3,4 -b'] dipyridin -5 -one (9.1 g; 0.05 M) was dissolved in warm, dry tetrahydrofuran (600 ml) and cooled to -60 °C in a nitrogen atmosphere. Methyllithium (50 ml; 0.1 M) as a 2 M solution in ether was gradually added with stirring. The solution became red-brown. It was then allowed to warm up to room temperature (~2 h) and stirred for a further 1 h. The mixture was hydrolysed with water (60 ml) and the tetrahydrofuran evaporated off under reduced pressure. More water (200 ml) was added and the solution was then extracted with chloroform (4 X 500 ml). The chloroform layer was dried (MgS0<i) and the solvent removed. The pale brown solid was crystallised from benzene (charcoal) to afford white needles, m.p. 188 °C (Yield 60%) of the hemihydrate. Hydroxy-4-methyl-8,9-dihydro-4 H-7 a, 9 a-diazoniacyclopentafdefjphenanthrene dibromide (6) 5-Hydroxy-5-methyl-5H-cyclopenta[2,l-b:3,4-b']-dipyridine (1.8 g) was refluxed for 1.5 h with dry redistilled 1,2-dibromoethane (200 ml). The solid
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